ABSTRACT
INTRODUCTION
In recent years, the study of complex systems in a unified framework has been recognized as a new scientific discipline. Some even refer to it as the ultimate interdisciplinary field (BarYam 1997) . A complex system dynamically evolves in non-linear ways giving it unique properties that distinguish it from other systems. In particular, a common signature of complex systems is scale invariant emergent properties. A scale invariant property can be identified because it is solely described by a power law function in the form, ( ) = where the exponent, , is a measure of the system's scale invariance (Katz 2016) .
The global research system is an example of a complex innovation system (Katz 2016) . Peerreviewed publications containing knowledge in specific areas are a characteristic output of such a system. The number of citations to these articles is an indirect measure of the impact the knowledge contained in these publications has on the research community. Received citations are used to illustrate how scale invariant properties can be identified and quantified (Katz 2016) .
Complexity also involves an interplay between cooperation and competition (Baranger 2013) . The process of generating and disseminating new knowledge in scientific disciplines fosters the emergence of collaborative networks between researchers, institutions and countries that at the same time compete for limited resources to do relevant research. As this process gets larger, a complex network emerges. This network is composed of a large number of interconnected nodes whose connectivity (node degree) has a power law probability distribution characterized by ( ) = − for ≥ 1 (Katz 2016; Newman 2004) . The exponent, , called the scaling factor, and are constants for a given network. For most real-world networks the magnitude of the scaling factor is in the range of 2 < < 3 (Clauset, Shalizi and Newman 2009) . Citation networks, which are used to prepare measures of the impact of published research, are usually considered to be complex networks with ≈ 3.0 (Redner 1996) .
Determining the scale invariant properties of the relationship between citation-based performance (CBP) and international/domestic collaboration will provide information to the scientometric scientific community interested in the study of co-authorship networks of academic disciplines. The research questions for the study are:
(a) Does the relationship between CBP and international collaboration patterns show scale invariant properties with α > 1.0?
Is the Matthew Effect for CBP for internationally collaborative articles stronger than for domestic collaborative articles? (c)
Is the Matthew Effect for CBP for inter-regional collaborative articles stronger than for intra-regional collaborative articles?
MANAGEMENT INFORMATION SYSTEMS AS A CASE STUDY
Management Information Systems (MIS) is a young academic research discipline. Its beginnings date back to early 1980s (DeLone and McLean 1992) . It emerged as an interdisciplinary field from the conjunction of computer science, management, and the social sciences (Cunningham and Dillon 1997) . Since its inception, MIS has focused on the creation and dissemination of knowledge on the use of information technologies to foster the effectiveness of decision making processes at all levels in organizations.
MIS as a research discipline has evidenced a sustained growth over the past three decades. This is highlighted by the fact that the number of MIS journals indexed in the Web of Science (WOS) has increased substantially in the past thirty years. It has grown from 23 MIS journals in 1980 -1990 to 60 by 2012 (Ronda-Pupo and Katz 2017a . Furthermore, the number of MIS articles published in WOS grew exponentially from just 64 articles in 1984 to 1531 articles by the end of 2012. The number of multi-authored papers in MIS is also showing an upward trend (Cunningham and Dillon 1997) .
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The xmin value is the highest probability point in the distribution where the power-law begins.
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The increase in the amount of knowledge disseminated through MIS journals permits the mapping of the structure of the international collaboration network of the MIS scientific community and the assessment of the scale invariant properties of the relationship between the citation-based impact of articles on MIS and their international collaborative patterns. Also, it favors the study of scale invariant emergent properties of international collaborative research networks in this research area. The study of scale invariance properties of coauthored articles on the MIS discipline has not been conducted. This will shed light on the advantages of academic collaboration to foster the citation impact of papers of MIS as a young academic research discipline.
BACKGROUND AND HYPOTHESIS
The number of articles analyzing the relationship between CBP and international scientific collaboration has grown significantly in the past two years. On average international collaborative publications have a higher citation impact than domestic ones (Wang, Thijs, and Glänzel 2015; Puuska, Muhonen, and Leino 2014) . The average citations per paper over the period 1996-2003 for some Asiatic universities increased up to 5.0 citations per paper through international collaboration (Khor and Yu 2016) . Latin American articles in management published through international collaboration had 1.59 times more impact than those published through domestic collaboration . Conversely, however, American scientists publishing in Nature and Science had no additional impact benefit from international collaboration (Rousseau and Ding 2016) . Recently it was found that collaboration patterns and citations in articles in management journals follow a power law correlation, suggesting that the relationship between CBP and international/domestic collaboration patterns will also follow a power-law correlation (Ronda-Pupo and Katz 2015).
H1: The CBP of international collaborative articles on MIS exhibits scale invariant
properties with an exponent > 1.0.
The term Matthew Effect has its root in the Gibrat's law or Gibrat's rule of proportionate growth or the law of proportionate effect (Gibrat 1931) . In scientometrics the term Matthew Effect has become popular through the work of Merton (1968) . The Matthew Effect in science is the common observation that in any given scientific research area most papers do not receive any or only a few citations while a small minority of papers are very heavily cited and become the core of the citation network. This behavior tends to produce heavy tailed distributions which are described by a power law distribution (de Solla-Price 1976).
A power law correlation is frequently found between impact (measured using citations) and size (measured using papers) across members of a group (e.g. journals, fields, institutions, countries, etc.). The exponent of the power law correlation is a measure of the magnitude of the Matthew Effect (van Raan 2013; Katz 1999; Ronda-Pupo and Katz 2017b) illustrated in the following manner. Given a scaling correlation ( ) = then for > 1 ( ) increases non-linearly with indicative of a cumulative advantage effect. Now consider we find ( ) ′ = ′ where ( ) ′ > ( ) indicating that the cumulative advantage for ( )′ is larger than the cumulative advantage of ( ). This can be true if and only if ′ > , thus the exponent is proportional to an increase in the cumulative advantage or Matthew Effect (Ronda-Pupo and Katz 2017b). According to this behavior we will test the following hypothesis:
H2:
The Matthew Effect for CBP for international collaborative articles will be stronger than for domestic collaborative articles.
H3:
The Matthew Effect for CBP for international collaborative articles that have intraregional collaboration will be stronger than those with inter-regional collaboration.
METHOD
The power-law model was used in the study. Equation 1 shows the mathematical formulation of the model.
Where is the number of collaborative (international or domestic) papers, log( ) is a normalization constant, (the intercept in the log-log regression) and is the scaling factor (slope of the log-log regression line). Table 1 shows the variables and their conceptual definitions. The CBP of each paper is the total number of citations in the time frame analyzed. Information about international or domestic collaboration patterns was determined using the AU (Author) and C1 (Addresses) fields for each document in the Web of Science database. = 1 is a single author paper and > 1 indicates a multi-author paper. The number of citations received by each paper.
Definition of Variables in the Model

International collaboration
The number of articles on MIS co-authored by scientists from different countries.
Domestic collaboration
The number of articles on MIS co-authored by scientists all working in the same country. Intra-regional collaboration
The number of articles on MIS co-authored by scientists working in different countries within the same region. Inter-regional collaboration
The number of articles on MIS co-authored by scientists from different regions. See regions in Appendix 2.
Mapping the International MIS Collaborative Network' Structure
The international and regional collaborative structures were determined using Pajek software. The position of each country within these structures was determined using degree centrality (Ronda-Pupo and Guerras-Martín 2016). The degree centrality of a country, denoted by ′ ( ) is the number of countries that are connected to it (Wasserman and Faust 2009 ). The Wasserman and Faust (2009, p.179) method is used to calculate the degree centrality given by the following equation:
′ ( ) = ( ) − 1 where ′ ( ) stands for degree centrality of country ( ), ( ) is the number of countries linked to the country , and − 1 is the total sum of countries in the network' structure except for the country i. Each country's degree centrality was calculated using an adjacency matrix. The value of the link between each pair of countries was adjusted according to a country's participation in a paper. For example, a country that participated in an article in collaboration with two other countries received 1/3 of the credit for the article. Pajek software (Batagelj and Mrvar 1998) was used to graphically depict the structure of the international collaboration network using adjacency. Loops were removed before calculating degree centrality for each country in the network.
The degree centrality values obtained for each country was within the range of 0.00 to 1.00. This range was stratified into three thresholds. A degree centrality of 0.00 to 0.33 located countries that are in the network periphery. Countries with a degree centrality between 0.34 and 0.66 are in the network semi-periphery. Finally, countries that belong to the core of the network had a degree centrality between 0.67 and 1.00.
Data Source
The data for the study consists of documents (articles including proceedings, papers and reviews) published in 58 Management Information System journals (Appendix 1) between 1990 and 2010 inclusive in Clarivate Analytics Web of Science TM Core Collection database. These publication types were used for two reasons: (a) they are peer-reviewed; and, (b) they are a primary route for disseminating new knowledge in most scientific disciplines (Adams and Gurney 2013) .
Herranz and Ruiz-Castillo (2012) reported that about 42 percent of the articles indexed in the Web of Science are assigned between two to six subfields. This situation is a drawback in scientometric studies using citation counts to papers of a research discipline. To overcome this limitation, the Science Metrix journal classification ontology was used. (Archambault, Beauchesne and Caruso 2015) . According to the Science Metrix journal classification scheme, Information Systems is a sub-field within the field of Information and Communication Technologies of the domain Applied Sciences.
The advantages of using the Science Metrix journal classification ontology are: (a) it is available under a creative common license readily accessible to everyone in the bibliometric community; (b) many knowledgeable bibliometricians have contributed to its development; (c) the domains/fields/subfields are based on existing journal classifications; (d) their groupings of journals act as attractors for journals in the new classification; and (e) individual journals are assigned to single, mutually exclusive domain/field/subfield using a hybrid approach combining algorithmic methods and expert judgment (Ronda-Pupo and Katz 2017b).
Clarivate Analytics' Web of Science TM Core Collection was used to retrieve the data and the following parameters were used: Tag Advance search SO= 'Journal Name', refined by Document Types, (Article OR Review), Timespan = 1990 Timespan = -2010 , Indexes = SSCI-EXPANDED, SSCI, A&HCI. Bibliographic information for each paper was downloaded into a tab-delimited text file and yearly citation counts were downloaded to an Excel file. These files were merged by using the DOI of each article. Finally, the information was stored in a Structured Query Language (SQL) database for analysis.
RESULTS
The search on the Web of Science retrieved 37,291 documents yielding 28,776 articles and reviews. 8,291 papers with incomplete address fields were excluded because it was not possible to code them as either international or domestic. Table 2 shows the number of papers according to collaborative type. Highlights are summarized as follows:
(a) 83 percent of articles and reviews on MIS were co-authored. These papers accounted for 86 percent of all citations. (b) Of the co-authored papers, 81 percent involve a domestic collaboration and these papers accounted for 75 percent of the citations of co-authored papers while 19 percent were international and accounted for 25 percent of the citations. (c) Of the international collaborative papers, 75 percent involved an inter-regional collaboration that accounted for 74 percent of their citations. 25 percent were intraregional and accounted for 26% percent of the citations. The International Collaboration Network of MIS Research Figure 1 shows the international collaboration network of MIS research. It consists of 98 countries. The structure of the network suggests a core-periphery structure. The United States of America is in the core of the network with the highest degree centrality value. In the semi-periphery positions are Austria, Canada, France, Germany, Italy, Japan, Netherlands, and UK with degree centrality values between 0.33 and 0.66. The periphery consists of the other countries with a degree centrality below 0.33. The countries with higher degree centrality are the ones with higher scientific production in MIS and also the ones with a higher citation performance. This result suggests that the more a national science system disseminates the knowledge it produces, the more importance it gains in the international network and thus attracts smaller science systems that will preferentially attach to it.
The process of preferential attachment may increase the absorptive capacities of the more central national science community and thus further attract other small science systems to the system. This phenomenon leads to an increase in degree centrality as (Ronda-Pupo and Guerras-Martín 2016) found for the inter-institutional collaboration networks in the management discipline. Recently, Ronda-Pupo and Katz (2017a) found the citation-based performance and degree centrality of countries exhibited a power-law correlation with a scaling exponent of 1.22 ± 0.04. Citations to the articles of a country in MIS tended to increase 2 1.22 or 2.33 times each time it doubles its degree centrality in the international MIS collaborative network. Figure 2 shows the inter-regional collaboration network in MIS research. The Northern American region is the most central region on MIS research, followed by Western Europe and the Asiatic region. These regions are the ones with higher economic growth in the time frame analyzed. The African countries had only a few participants in the international collaboration network. This lower level of international collaboration could be a consequence of the small economic size and scarcity of scientific development in Africa. Latin America, Eastern Europe and the Middle East have scarce participation in the interregional network. These regions have experienced profound changes in the socio-political and economic systems in the past 30 years. This has had an impact on their science systems and their scientific production on MIS topics. 
The Power Law Relationship between CBP and International Collaboration Patterns in MIS Articles
Table 3 and Figure 3 shows the results of the analysis of the power-law correlations. The exponent for the scaling correlation between CBP and international collaborative papers is 1.28 ± 0.05 suggesting that a doubling in the number of international collaborative papers on MIS would increase the number of citations by 2 1.28±0.05 or 2.42 times. The exponent for the scaling correlation between CBP and domestic collaborative papers is 1.22 ± 0.04. This exponent suggests that a doubling in the number of domestic collaborative papers on MIS would increase the number of citations by 2 1.22±0.04 or 2.32 times. International collaboration has a higher cumulative advantage and hence a stronger Matthew Effect than domestic collaboration. The exponent for the scaling correlation between CBP and inter-regional collaborative papers is 1.25 ± 0.06 showing that a doubling in the number of inter-regional collaborative papers on MIS would increase the number of citations by 2 1.25±0.06 or 2.37 times. The exponent for the scaling correlation between CBP and intra-regional collaborative papers Is 1.56 ± 0.14. This exponent shows that a doubling in the number of intra-regional collaborative papers on MIS would increase the number of citations by 2 1.56±0.14 or 2.94 times. Intra-regional collaboration has a stronger Matthew Effect than inter-regional collaboration. 
DISCUSSION AND CONCLUSION
Scientific recognition of the international collaborative network in MIS research is described by scale invariant properties. The CBP of international collaborative articles in MIS increases 2 1.28±0.05 or 2.42 times when the number of international collaborative papers doubles. On the other hand, the CBP of domestic collaborative articles on MIS increases 2 1.22±0.04 or 2.32 times when the number of domestic collaborative papers doubles. The Matthew Effect of CBP for international collaborative papers in MIS is stronger than for domestic collaborative papers. Intra-regional collaborative articles have a power law correlation with the CBP. The scaling exponent was 1.56 ± 0.14suggesting that the CBP increases 2 1.56±0.14 or 2.94 times when the number of intra-regional collaborative papers doubles. On the other hand, the CBP of MIS for inter-regional collaborative articles increases 2 1.25±0.06 or 2.37 times when the number of inter-regional collaborative papers doubles. The Matthew Effect of CBP for intraregional collaborative papers is stronger than for inter-regional collaborative papers. This may be due to a variety of factors including working on common local problems and the effects of geographical proximity (Katz 1994) . Small science systems may be able to enhance their absorptive capacities and intellectual capital by increasing their collaborative activities with top-performance systems. This collaboration would also give small science systems greater access to leading edge technologies and knowledge that may increase their international visibility. Top-performing science systems may gain by increasing their degree centrality enhancing their knowledge dissemination channels.
Authors, managers and policy makers should consider the Matthew Effect when deciding what forms of collaboration are most likely to have a significant impact. For example, singleauthored academic MIS publications exhibit an inverse Matthew Effect. In other words, a doubling in the number of papers published produces less than a doubling of CBP in MIS research. The impact of single author MIS papers is less than multi-authored papers irrespective of journal size.
The Matthew effect of CBP varies with the type of co-authorship. Domestic collaboration articles have a small, almost linear, Matthew Effect while International collaboration is significantly larger. With-in International collaboration there is also differences. Interregional collaboration is also significantly greater than domestic collaboration but the most noteworthy is intra-regional collaboration which has the largest Matthew Effect. In other words, multi-authored intra-regionally MIS research articles have, on average, the greatest impact irrespective of the size of the journal.
